Date of birth has been associated with health outcomes, including multiple sclerosis, autism, schizophrenia, and life expectancy ([@bib9]; [@bib34]; [@bib11]; [@bib29]).

The seasonality of birth and cancer risk was reported among teenagers and young adults for haematological or brain cancers and, in adults, for breast or central nervous system cancers ([@bib33]; [@bib17]; [@bib16]; [@bib26]; [@bib28]; [@bib24]; [@bib30]; [@bib6]) The reason for the association remains unclear. However, seasonal variation of exposure to environmental factors has been often proposed to explain the observed risk patterns ([@bib8]).

In the Umbria region of Italy, non-melanoma skin cancer (NMSC) is the most frequent cancer site. The standardized skin cancer incidence rates were increasing in the study period (1994--2010; Data are available at <http://www.rtup.unipg.it/>). Similar trends were reported for many western countries ([@bib14]; [@bib22]). Explanations proposed for the observed trend include increased exposure to risk factors (for example, sun exposure) and increasing skin examination for the early diagnosis of melanoma ([@bib2]). Seasonal effects can contribute to define the role of risk factor exposures in determining actual incidence patterns and trends.

The goal of this paper is to investigate the influence of date of birth on skin cancer incidence.

Materials and methods
=====================

The Umbrian Cancer Registry (RTUP) covers all residents of Umbria, Italy (that is, ∼900 000 inhabitants). Cases were collected in accordance with standard methods for cancer registries. RTUP is a member of the International Association of Cancer Registries and contributor of the international publication of incidence data ([@bib15]). RTUP has a high data quality standard. Very low percentages of incomplete cases known only from causes of death certification are achieved through extensive search in the data sources and trace-back including search of information by family physicians. Cancer type and site were coded using the ICD10 ([@bib32]). Cancer registry data were managed according to Italian laws and rules for cancer registries.

We performed an additional search for cases among all regional dermatologists and dermatopathologists to ensure completeness. The information system of the Umbria Cancer Registry (S.G.RTUP) was used for data management ([@bib4]).

The incidence rate was calculated per 100 000 residents per year.

Because of the relatively small number of cases, the incidence of melanoma was examined for both sexes on the whole.

The statistical evaluation of seasonality on monthly data, adjusted for varying population at risk, was carried out by the Walter and Elwood test ([@bib31]). The *χ*^2^ test was used to compare distributions by gender.

To investigate the association between incidence and diagnosis or birth month, we used negative binomial regression. Nested models were compared using the likelihood ratio test.

A spline was used to describe the correlation between birth and skin cancer incidence. We used weekly data to obtain a better approximation of the function to the observed risks ([@bib25]).

All tests were two-sided and results with *P*\<0.05 were considered significant.

Results
=======

In the study period, 1745 cases of melanoma (50% females) and 15 992 of carcinoma (41% females, 66% basal-cell cancers) were registered.

The NMSC monthly distribution of incidence showed a clear seasonality (see [Supplementary Figure 1](#sup1){ref-type="supplementary-material"}). The risk shape for melanoma skin cancer (MSC) cases was similar to NMSC with the exception of the high incidence rate for those born in June. Seasonal trends were statically significant for NMSC (see [Supplementary Table 1](#sup1){ref-type="supplementary-material"}) and nonsignificant for MSC patients (*P*=0.09).

The monthly distribution by gender for NMSC patients was not statistically different (*χ*^2^ *P*=0.4).

We fitted separate negative binomial regression models by cancer type (that is, melanoma of the skin, NMSCs) for the month of birth ([Table 1](#tbl1){ref-type="table"}). This allows inspection and comparison of relative risks without constraint on seasonal pattern. NMSC was also divided into basal cell- and squamous-cell cancers, and separate analyses were performed for these morphologies (see [Supplementary Materials](#sup1){ref-type="supplementary-material"}). Monthly distribution by skin cancer type was not significantly different.

A flexible model (that is, restricted cubic spline) was fitted to further illustrate skin cancer risk as a continuous function of date of birth ([Figure 1](#fig1){ref-type="fig"}). A single spline was used for MSC and NMSC, assuming a common underling risk function. Observed MSC and NMSC rates were plotted together with splines to provide a visual comparison of the continuous risk function to observed data. The curve gave evidence of a clear excess risk for people born in the first months of the year. Indeed the curves for melanoma, squamous cell, and basal cell cancers were very similar ([Figure 2](#fig2){ref-type="fig"}). The curve for melanoma was not significant and was shown only to illustrate the marked similarity with the other skin cancer morphologies.

Discussion
==========

We observed a strong seasonal effect of the date of birth that influenced incidence of skin cancers. Our study is based on a homogeneous population that has been remarkably stable for decades and, thereby, has a common genetic background and widespread social habits.

Two studies demonstrated the influence of birth date on MSC risk ([@bib1], [@bib7]) and none is available for NMSC.

In our study, the influence of month of birth was clear for NMSC and was borderline nonsignificant for MSC cancer. However, the MSC incidence pattern did not differ significantly from that of NMSC so that we can assume and discuss a common risk shape. A recent cohort study found evidence of high risk of adult MSC for persons born during spring ([@bib7]). We observed highest risks for people born in March--April as in the study by Crump *et al.* The small difference in the curves shape depends on the use of a less-flexible model (that is, sinusoidal logistic regression) in the study by Crump *et al.* The curves by morphology showed a marked similarity. However, squamous-cell cancer has been linked with a different UV exposure pattern with respect to basal-cell skin cancer and melanoma ([@bib13]). Our result is compatible with a role of very early exposures in determining an increased susceptibility to all skin cancers. Subsequent UV exposures influence the development of MSC, basal cell, or squamous cell cancers.

The seasonal pattern for NMSC could be explained with UV exposure *in utero* or in the first months of life.

Several authors have examined the influence of UV exposure both on human lifespan and on the frequency of diseases such as diabetes, multiple sclerosis, and so on ([@bib21]; [@bib10]). [@bib19]) wrote that 'the hypothesis that specific wavelengths of UVR, experienced at critical times in development as at conception or early gestation, and with specific intensity or rate of change, modulates the expression of human diseases\'.

In addition, very early-life UV exposure could increase the risk of skin cancer occurrence many years later, if we assume that direct sun exposure in summertime is avoided in newborns (0--3 months) and that children 4--6 months old are exposed more than younger ones. Indeed, the study by [@bib27]) gave evidence of increasing sun exposure with age, comparing infants (that is, \<1 year of age) with toddlers (2- to 4-year-old children).

UV skin exposure is widely accepted to be a risk factor for MSC and NMSC ([@bib12]) and early exposure has been associated with incidence of melanoma in the young ([@bib1]).

Neonatal skin is immature and still developing through the first year of life ([@bib23]). Biological mechanisms have been proposed to explain the relationship between neonatal UV exposure and adult cancer risk. Exposures of the immature skin occurring in the first weeks after birth tend to induce tolerance and have a lasting influence on the immune system in mice ([@bib20]).

Other possible explanations include *in utero* or early exposures to nutritional, infective, or environmental factors other than UV. Vitamin D levels depend on both dietary intake and UV exposure and have been proposed as an explanation for the association between season of birth and risk of adult disease ([@bib3]; [@bib6]).

Skin cancers pose a problem of completeness to cancer registries. Surgical treatment can be performed without hospitalisation, and histological verification can be carried out by a dermatopathologist, thereby not resulting in any cancer registry data sources ([@bib5]). Many cancer registries do not collect NMSC data at all because additional data sources are needed to ensure completeness of registration ([@bib18]). We performed an additional active search for cases among all regional dermatologists and regularly acquire archives from dermatopathologists to avoid incompleteness of registration.

In conclusion, our study provides evidence of a seasonal influence of month of birth on skin cancer incidence. UV exposure of the neonatal skin or *in utero* may increase susceptibility to both MSC and NMSC during adulthood.

Therefore, studies to further ([@bib27]) characterise the pattern of sun exposure during pregnancy and in the first months of life would be important in order to investigate the possible role of UV exposure on the risk of skin cancer in adulthood.
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![**Weekly skin cancer risk. Curves represent skin cancer risk adjusted by gender, site and population at risk (dashed lines 95% confidence interval).** Bars are MSC (solid) and NMSC (hollow) crude incidence rates.](bjc2014522f1){#fig1}

![**Weekly skin cancer risk by morphology (top: Basal cells cancer, middle: squamous cells cancer and bottom: melanoma).**](bjc2014522f2){#fig2}

###### Negative binomial regression models for NMSC and MSC cancers by month of birth

                                    **NMSC (C44)**   **MSC (C43)**                                         
  --------------------------------- ---------------- --------------- ------ --------- ------ ------ ------ -------
  **Months**                                                                                               
  January                           1.18             1.09            1.28   \<0.001   1.41   1.12   1.77   0.003
  February                          1.29             1.19            1.39   \<0.001   1.15   0.90   1.47   0.25
  March                             1.30             1.20            1.40   \<0.001   1.36   1.09   1.71   0.007
  April                             1.31             1.21            1.41   \<0.001   1.15   0.90   1.45   0.26
  May                               1.14             1.05            1.23   0.002     1.15   0.90   1.46   0.26
  June                              1.02             0.93            1.11   0.70      1.41   1.11   1.77   0.004
  July[a](#t1-fn1){ref-type="fn"}   Ref.                                              Ref.                  
  August                            1.04             0.96            1.13   0.32      1.12   0.88   1.43   0.36
  September                         1.09             1.00            1.18   0.04      1.14   0.90   1.46   0.28
  October                           1.08             1.00            1.17   0.06      1.10   0.86   1.40   0.45
  November                          1.20             1.11            1.31   \<0.001   1.12   0.87   1.43   0.37
  December                          1.11             1.02            1.21   0.01      0.93   0.72   1.21   0.61
  **Gender**                                                                                               
  Males                             Ref.                                              Ref.                  
  Females                           0.66             0.64            0.68   \<0.001   0.95   0.86   1.04   0.25

Abbreviations: CI=confidence interval; IRR=incidence rate ratio; MSC=melanoma skin cancer; NMSC=non-melanoma skin cancer; Ref.=reference category.

reference category is the month with the lowest date of birth.
